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ABSTRACT: 

PURPOSE: To prevent a stepwise difference and a bowling from 
occurring in a 

trench by employing a mask having a window of the shape sequentially 
expanding 

outside from the surface of a mask toward the surface of a 
semiconductor 

substrate in an area of a window parallel to the surface of the 
substrate . 

CONSTITUTION: The inner wall of a window is dry etched under 
etching 

conditions of strong directivity to a semiconductor substrate 31 from 
above a 

reversely tapered mask pattern 41. Even when the mask layer 41 is 
etched and 

deformed, edge portions 39a always cover the exposed surface of the 
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substrate 

in an overhanging state. Thus, the inner wall of the window 39 of 
the layer 41 

remains reversely tapered shape. In this manner, since the inner 
wall of the 

window 39 is less directly contacted" with etching ions, the abrupt 
film 

reduction of the layer 41 does not occur in a direction parallel to 
the surface 

of the substrate to eliminate a stepwise difference and a bowling on 
the inner 

wall of a trench to obtain a tapered trench 45. 
COPYRIGHT: (C) 1987, JPO&Japio 
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Specification /181* 

1, Name of this Invention 

Semiconductor Substrate Etching Method 

2. Claims 

[1] Semiconductor substrate etching method with the following 
characteristic : 

For etching a semiconductor substrate using ions having strong 
directionality; 

said semiconductor substrate is etched using a mask layer that 
consists of a masking material having a high dry-etching 
characteristic and contains a window area existing parallel to the 
substrate surface of the semiconductor substrate and gradually 
spreading outwardly toward to the substrate surface. 

[2] In Claim 1, said semiconductor substrate etching method 
includes a process of depositing a metallic film using a resist film 
having an over-hung window on the substrate surface, process of 
depositing the mask material over the substrate surface containing 
said metallic film after removing the resist film, process of forming 
a flat etching surface by etching the surface from the mask material 
surface to the metallic film surface, and process of removing said 
metallic film. 

Numbers in the margin indicate pagination in the foreign text. * 
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[3] In Claim 1 or 2, the mask material is an oxidized film, 
nitride film, or low-melting point glass. 
3. Detailed Explanation of this Invention 

[ Industrial Field] 

This invention pertains to a semiconductor substrate etching 
method and is particularly associated with a method that forms a 
groove (may be called ^trench' ) for placing a capacitor or separation 



area between elements on the substrate area of the semiconductor 




[Conventional Technology] 



With the recent tendency of smaller and more integrated LSI 
devices, various related parts, such as accumulated capacitor 
(volume) of memory cell of dynamic random access memory, separator of 
elements, etc., are required to accommodate such highly integrated /l 
LSI. For this purpose, a trench of selected depth formed on a 
semiconductor substrate is filled with a dielectric part for forming 
a capacitor, or, such trench created around an element is filled with 
an insulation part to provide an element separation part. 

In order to obtain such trench, various semiconductor substrate- 
etching methods were developed ( ^Applied Physics Society Lectures' , 
No. 45, Fall of 1984, 14P-U-10, p. 289). 

Parts (A) - (E) in Fig. 2 are diagrams showing the production 
processes described in said literature, presenting cross-sectional 
diagrams of wafers according to the processing progressions. 



First, a mask (e.g., Si0 2 ) 13 is formed on a semiconductor 
substrate (e.g., Si) 11 using an applicable method such as heat- 
oxidation. Next, a resist (e.g., OFPR, positive resist, product of 
Tokyo Ooka Kogyo) is coated over the mask 13 and dried to create a 
resist film 15 (Part A of Fig. 2) . 

Then, the resist film 15 is exposed through a photo mask and 
developed to obtain a resist pattern 17 exposing a specific area of 
the mask material 13 (Part B of Fig. 2) . 

Next, the area of mask 13 exposed from the resist film 15 is 
etched using a reactive spattering etching method to form a window 19 
in order to expose a specific region of the semiconductor substrate 
11 (Part C of Fig. 2) . 

By removing the resist film 15 on the mask using an organic 
solvent or other similar material, a mask layer 21 is formed on the 
semiconductor substrate 11 (Part D of Fig. 2) . 

Lastly, a trench 23 having a selected depth is created by 
etching/removing the section exposed from the mask window 19 on the 
semiconductor substrate 11 (Part E of Fig. 2) . 

In this case, for forming this trench 23, the semiconductor 
substrate 11 is etched in the conditions that can provide a high Si0 2 
selection ratio and effective anisotropic etching (e.g., etching 
creating strong directive ions) . 
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[Problems to be solved by this invention] 
However, to etch a trench on a semiconductor substrate 11, a 
mask 13 is gradually thinned. Therefore, as the etching progresses 
for forming a trench 23, the mask layer 21 is deformed. As a result, 
the inner trench 23 may form an undesirable shape. The following 
further explains this problem regarding to the conventional 
semiconductor etching method while referring to Parts D and .E of Fig. 
2. 

When the conventional substrate etching method is performed, the 
inside wall of the window 19 of mask 21 is made vertical to the 
substrate surface 11a (see Part D of Fig. 2), or the window area 
parallel to the substrate surface is made to gradually decrease as it 
approaches the substrate surface from the mask layer 21 (i.e., taper- 
like) . In this case, the yield of ion-based spattering increases at 
the edge area 19a (see Part D of Fig. 2) of the opening of the window 
19 existing at the opposite side of the substrate surface and remove 
the corners. Therefore, if the mask is shaped as described above, 
eliminated corners of the mask layer 21 form sliding surfaces. 
Furthermore, as such sliding area reaches the substrate surface, the 
amount of film in the direction parallel to the substrate surface 
drastically decreases (see Part E of Fig. 2) . Therefore, as etching 
progresses for creating a trench 23, the mask layer 21 (see dot line 
in Part E of Fig. 2) is deformed to the shape of mask layer 21A shown 
as lined part in Part E of Fig. 2. 
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When the mask layer deforms in this manner, the semiconductor 
substrate below the thinned film is also etched to create a level gap 
25 shown in Part E of Fig. 2. In addition, since a portion of ions 
27 used for etching is reflected by the sliding area of the deformed 
mask 21 and etches the inside wall surface of the trench, a dent 
(bowling) 29 is formed on the side surface. Although a dielectric 
part or insulation part is deposited on the inside surface of the 
trench 23 depending on the applicable production of capacitor or 
element separation part, it is fairly difficult to fill the gap /183 
27 and bowling 29 in the trench. As a result, desired capacity value 
or insulation resistance value cannot be produced. 

This invention solves this problem by providing a new 
semiconductor substrate etching method that does not form a gap or 
bowling in the trench even when progression of etching to create a 
trench reduces the film thickness. 

[Method to Solve the Problems] 

To achieve the purpose as described above, this invention 
provides a semiconductor substrate etching method with the following 
characteristic : 

For etching a semiconductor substrate using ions having strong 
directionality; said semiconductor substrate is etched using a mask 
layer that consists of a masking material having a high dry-etching 
characteristic and contains a window area existing parallel to the 
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substrate surface of the semiconductor substrate and gradually 
spreading outwardly toward to the substrate surface. 

To perform such etching technique, said mask layer etching 
method preferably includes a process of depositing a metallic film 
using a resist film having an over-hung window on the substrate 
surface, process of depositing the mask material over the substrate 
surface containing said metallic film after removing the resist film, 
process of forming a flat etching surface by etching the surface from 
the mask material surface to the metallic film surface, and process 
of removing said metallic film. 

In the method described above, the mask material is preferably 
an oxidized film, nitride film, or low-melting point glass. 

[Operation] 

With the semiconductor substrate etching technique based on this 
invention, said semiconductor substrate is etched using a mask layer 
that consists of a masking material having a high dry-etching 
characteristic and contains a window area shaped as a reversal taper 
in such a way that the inside wall surface of the mask layer- window 
can extend further from the substrate surface as it reaches toward 
the film surface from the substrate surface. Although having a high 
dry-etching resistance characteristic, the etching process of this 
invention still reduces the mask layer film thickness in the, same 
manner as experienced with the conventional method. However, when 
forming sliding surfaces on the window walls, as the edges of the 
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window are more easily etched than other areas, the mask layer can be 
shaped into a reversal taper to cover the semiconductor substrate 
with its curving inner wall. Therefore, the outline, that is the 
crossing etched edges and inside wall surfaces of the window, becomes 
the outer circumference of the window, thus allowing the area of the 
substrate within the outer circumference of the window (area exposed 
from the window) to be etched. As a result, since a sliding area 
that will reflect ions to the inside wall surface of the window is 
not created, drastic reduction of mask layer in the direction 
parallel to the substrate surface never occurs. 

[Operational Example ] 

The following explains the operational example of this invention 
while referring to figures. Note that this invention is not limited 
to the measurements, shapes and positional relations shown in the 
figures, as each figure simply displays a rough layout of the method. 
Also, the same key in each figure designates the equivalent parts r 
shown in the conventional method. 

In this example, the semiconductor substrate contains a window 
area existing parallel to the substrate surface of the semiconductor 
substrate and gradually spreading outwardly toward to the substrate 
surface, forming a reversal taper shaped window. Also, the film is 
etched using a mask layer consisting of a masking material having a 
high dry-etching characteristic using ions having strong 
directionality toward the area exposed from the window so as to 
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create a trench that will be filled with a capacitor for creating an 
accumulation capacitor of memory cells. 

Parts A - I of Fig. 1 are diagrams showing the production 
process using the etching technique based on this invention, which 
are cross-sectional diagrams of wafers presenting the processing 
progressions . 

First, a resist is coated over the Si substrate (semiconductor 
substrate 31) and dried to create a resist film 33 (see Part A of Fig. 
1) . Next, the resist film 33 is exposed and developed to create a 
resist film 33 having a window 33a exposing a specific area of the 
semiconductor substrate 31 (see Part B of Fig. 1) . In this case, the 
window 33a is shaped in such way that the inside wall surface /184 
protrudes and hangs over the substrate surface as the wall surface 
becomes closer to the resist surface (see Part B of Fig. 1). 

Next, a metallic film 35 (e.g., Ti) is deposited on the 
semiconductor substrate 31 including the resist- film 33 using an 
applicable method such as an electron beam deposition or spattering 
(see Part C of Fig. 1) . Then, the resist film 33 is removed using an 
applicable organic solvent or chemical to eliminate a certain area of 
the metallic film on the resist film, leaving the metallic film 35a 
only at the area corresponding to the window 33a of the substrate 
surface. Thus, with the progression of deposition of metallic film 
35, the inside wall surface is gradually shaped to extend toward the 
inside of the window from the resist surface, thereby narrowing the 
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window opening. Thus, the remaining metallic film 35a forms- a 
trapezoid shape (see Part D of Fig. 1). 

Then, a mask (e.g., Si oxide film) 37 having strong dry-etching 
resistance is formed on the substrate 31 containing the trapezoid- 
shaped metallic film 35a using an applicable method such as CVD or 
spattering (see Part E of Fig. 1) . Next, while flattening the mask 
surface 37 using a method such as etching-backing method, the surface 
of the metallic film 35a is exposed (see Part F of Fig.. 1) . In this 
case, by forming this mask with a low melting point glass, such as 
PSG (phosphoric silicate glass), or BPSG (boron-phosphoric silicate 
glass), the glass can be easily flattened by a floating process. 

Succeeding to this process, the metallic film 35 is removed. To 
remove this metallic film 35, an acid, such as sulfuric acid that 
does not melt the semiconductor substrate 31 or mask 37 is used. 
Once the metallic film 35 is removed to form a window 39, a mask 
layer 41 having a window 39 at a specific location of the mask is 
created (see Part G of Fig. 1) . This window has a specific .shape so 
that the window surface area parallel to the substrate surface 
gradually widens towards the substrate surface from the mask surface, 
forming - inside wall surfaces into a reversal taper. 

Then, using the condition of strong directionality toward the 
substrate surface, dry etching is performed to the semiconductor 
substrate over the mask pattern 42 having said window 39. This 
etching process is further described below while referring to Part H 
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of Fig. 1 . When etching for forming a trench also etches the mask 
layer 41 to cause deformation of the mask layer 41 (see the change as 
shown with a dot line shape to a straight line shape) , the edge area 
on the surface of the mask 41 of the window 39 (see Part D of Fig. 1) 
always covers the exposed area of the substrate, while forming a 
curve. As a result, the mask layer 41 at the inside wall of the 
window 39 remains tapered, thereby not forming a sliding area that 
causes reflection of etching ions 42 toward the inside wall surface 
of the trench. Furthermore, an amount of etching ions directly 
contacting the inside wall surface of the window 39 is reduced, the 
mask layer 41 never drastically thins in the direction parallel to 
the substrate surface. Therefore, the level gap problem at the area 
of thinned mask layer never occurs. 

By forming a trench using said mask layer, the opening area of 
window 39 parallel to the substrate surface widens as the etching 
progresses, thus gradually widening the etched substrate area. 
Therefore, a gradually sliding taper-shaped trench 45 not containing 
any roughness, such as bowling area can be formed on the inside wall 
surface of the trenching (see Part I of Fig. 1) . 

Note that this invention is not limited to the method described 

above . 

For example, if the inside wall surface of the window of the 
mask layer is shaped as a reversal taper having a gradual curve, the 
same effectiveness as described above can be provided. 
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In addition, the mask material may be any applicable material 
and is not limited to a nitride film or oxide film (e.g., low melting 
point glass) . 

The horizontal trench surface may be shaped into any form 
depending on the intended purpose. 

[Effectiveness of this Invention] 

As explained above, with the substrate etching method based on 
this invention, the semiconductor substrate is etched using a mask 
layer containing a window area existing parallel to the substrate 
surface of the semiconductor substrate and gradually spreading 
outwardly toward the substrate surface. Therefore, as the edge area 
of the mask layer always covers the exposed substrate area, when the 
mask layer is thinned by the etching process, the inside wall surface 
of the mask layer window can maintain its reversal tapered shape. /185 

As a result, since sliding surfaces that would cause ion 
reflections toward the inside wall surface of the trench are never 
formed, the conventionally experienced bowling problem can be 
prevented. Furthermore, since drastic film surface thinning never 
occurs, a level gap is not formed at the reduced film area. 

In addition, when a trench is formed by the etching method based 
on this invention, the inside wall surface of the trench is shaped as 
a smooth and flat tapered surface. Therefore, a dielectric part for 
forming a capacitor or insulation part for forming an element 
separation part can be easily deposited on the surface of the trench. 
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4. Simple Explanation of the Figures 

Parts A - I of Fig. 1 are diagrams showing the production 
process using the etching technique based on this invention. Parts 
(A) - (E) in Fig. 2 are diagrams showing the conventional substrate 
etching processes. 

31. ..Semiconductor substrate; 33. ..Resist film; 33a. ..Resist film 
window; 35. ..Metallic film; 35a. ..Trapezoid shaped metallic film; 
37. ..Masking material; 39. ..Window; 39a. ..Edge of window; 41. ..Mask layer; 
43. ..Etching ion; 45. ..Trench 
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Figure 1 
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Figure 2 
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